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dcvg-cips measuring; apparatus for detecting the results of A PIPE 

LINE 

Technical Field 

The present invention relates, in general, to a pipeline 
examination apparatus for direct current voltage gradient and 
closed interval potential survey methods, which analyzes and 
displays examination results obtained through both a direct current 
voltage gradient method of detecting coating defect parts on a 
buried pipeline without the need for excavation, and a closed 
interval potential survey method of surveying the corrosion 
protection and coating states of the buried pipeline. 

Background Art 

Of methods of detecting coating defect parts on a buried 
pipeline, a Direct Current Voltage Gradient (DCVG) technique, which 
is known as a method having the highest precision, is adapted to 
discover the coating detect parts by detecting the deformation of a 
potential distribution appearing on the soil around the coating 
defect parts at the time of detecting the coating defect parts, 
which may result from mechanical defects during the burying of the 
pipeline, or damages caused by other constructions. A Closed 
Interval Potential Survey (CIPS) method is adapted to survey the 
corrosion protection and coating states of a buried pipeline by 
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connecting a measurement wire to a lead wire of the buried pipeline 
and measuring the potential of a portion immediately above the 
pipeline while moving a reference electrode along the buried 
pipeline at regular intervals (several meters) . The DCVG and the 
CIPS methods are performed while a rectifier for corrosion 
protection is switched on/off to the buried pipeline. 

For an apparatus for measuring data us ing the above two 
methods, that is, the DCVG and CIPS methods, there has been used an 
Electric Pen Recorder (EPR) , which is a device for recording, using 
a pen, continuously measured values on a paper in the form of 
analog data. In the prior art, an operation is performed in such a 
way that an operator determines accurate values by reading contents 
measured in a field with the naked eye using the EPR, records the 
accurate values using a writing tool, returns to an office, and 
arrange the measured values. 

Recently, besides the apparatus using the EPR, apparatuses 
for converting values measured in a field into digital data, and 
then arranging and displaying the digital data have been developed. 
However, such apparatuses are problematic in that, since they 
employ small-sized Liquid Crystal Display (LCD) panels, the 
apparatuses cannot display continuously measured values on the LCD 
panels, and, additionally, it cannot display previously measured 
values in the form of accumulative data. 

Disclosure of the Invention 
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Accordingly, the present invention has been made keeping in 
mind the above problems occurring in the prior art, and an object 
of the present invention is to provide a pipeline examination 
apparatus for DCVG and CIPS methods, which measures and arranges a 
DCVG electrode signal and a CIPS electrode signal of a buried 
pipeline, displays the arranged electrode signals, and measures and 
displays a continuous potential distribution. 

Another object of the present invention is to provide a 
portable examination apparatus, which can display examination 
results in a field or immediately ascertain the examination results 
through print. 

In order to accomplish the above objects, the present 
invention provides a pipeline examination apparatus for Direct 
Current Voltage Gradient (DCVG) and Closed Interval Potential 
Survey (CIPS) methods, which detects and analyzes at least one 
electrode signal while supplying an anticorrosive current to a 
buried pipeline by switching on and off the anticorrosive current 
at predetermined intervals, comprising a signal detection unit 
detecting the electrode signal including a DCVG electrode signal 
and/or a CIPS electrode signal, and a measurement unit receiving 
the electrode signal from the signal detection unit and analyzing 
the electrode signal, wherein the measurement unit comprises a 
measurement method selection unit selecting any or both of the DCVG 
electrode signal and the CIPS electrode signal to be detected by 
the signal detection unit, a control unit receiving the electrode 
signal from the signal detection unit, a storage unit storing the 
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electrode signal received by the control unit, a analysis unit 
analyzing the electrode signal stored in the storage unit, and a 
display unit displaying the electrode signal received by the 
control unit and analysis results obtained from the analysis unit, 
and wherein the control unit controls the signal detection unit to 
detect the electrode signal on the basis of selection of the 
measurement method selection unit, and controls storage, analysis 
and display of the electrode signal. 

Preferably, the measurement unit may be a touch- screen type 
Personal Digital Assistant (PDA) , and the signal detection unit and 
the measurement unit may communicate with each other through a 
serial or parallel interface. 

Preferably, the measurement method selection unit may select 
a pulse period of the electrode signal received by the control unit 
so that the pulse period is synchronized with an ON/OFF period of 
the anticorrosive current. 

Preferably, the analysis of the electrode signal may be 
performed by sequentially extracting a magnitude of the electrode 
signal stored in the storage unit over time, and the display unit 
displays the sequential electrode signal over time. 

Preferably, the measurement unit may further comprise an 
output unit capable of outputting the analysis results. 

Brief Description of the Drawings 

FIG. 1 illustrates the detection of a coating defect part on 
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a pipeline using a DCVG method; 

FIG. 2 illustrates the detection of the corrosion protection 
state of the pipeline using a CIPS method; 

FIG. 3 illustrates the construction of an examination 
apparatus 1 according to an embodiment of the present invention; 

FIG. 4 illustrates the construction of a signal detection 
unit 10 according to an embodiment of the present invention; 

FIG. 5 illustrates the screen of a measurement unit 20 
according to an embodiment of the present invention; 

FIG. 6 illustrates an exanple of a screen showing current 
results measured using the DCVG method among examples of the screen 
of the measurement unit 20; 

FIG. 7 illustrates an exattple of a screen sequentially 
showing the most recent results obtained by measurements using the 
DCVG method among examples of the screen of the measurement unit 
20; and 

FIG. 8 illustrates an exattple of a screen displayed when an 
A Option' item of FIG. 5 is pressed. 

Best Mode for Carrying Out the Invention 

Hereinafter, embodiments of the present invention will be 
described in detail with reference to the attached drawings. 

First, the detection of a coating defect part on a buried 
pipeline using a DCVG method and the detection of electrical 
corrosion protection state of the buried pipeline using a CIPG 
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method are described with reference to FIGS. 1 and 2. 

FIG. 1 illustrates an example of the detection of a coating 
detect part using a DCVG method. The DCVG method, which is a 
method to detect a coating defect part by measuring a voltage 
gradient occurring around a buried pipeline 301 when an 
anticorrosive current is applied to the buried pipeline 301, spaces 
two saturated copper sulfate reference electrodes 302 apart from 
each other by about 1 to 2m along the portion immediately above the 
buried pipeline 301, and then measures a potential difference 
between the two reference electrodes 302, that is, a voltage 
gradient on a surface 306, using a voltmeter 303. In this case, 
the anticorrosive current applied to the pipeline 301 is 
periodically switched on and off, and a potential difference, 
obtained when the current is switched off, is corrected on the 
basis of a potential difference, obtained when the current is 
switched on, thus accurately measuring the voltage gradient. As 
shown in FIG. lb, the anticorrosive current is concentrated on a 
coating defect part having the lowest resistance, so that a high 
potential gradient around the coating defect part is generated. 
Therefore, when a potential is measured on the surface 306 along 
the pipeline in a longitudinal direction using the two reference 
electrodes 302, there occurs a phenomenon in which the polarity of 
<ON potential-OFF potential> is reversed around the coating defect 
part, as shown in FIG. lb, so that it can be seen that a reverse 
position corresponds to the coating defect part. 

FIG. 2 illustrates an example of the detection of the 
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electric corrosion protection state of a buried pipeline using a 
CIPS method- A lead wire of a pipeline 401 is connected to a 
positive (+) terminal of a voltmeter 404 and a reference electrode 
403 is connected to a negative (-) terminal of the voltmeter 404. 
An anticorrosive potential of the pipeline 401 is measured at 
intervals of about 2 to 4m while the lead wire of the pipeline is 
being drawn. A value to be measured at a single point may include 
an ON potential, an OFF potential, ON potential-OFF potential, etc. 
The ON and OFF potentials are based on whether or not the 
anticorrosive current is applied. Fundamentally, the electrical 
corrosion protection state of the buried pipeline 401 can be 
surveyed on the basis of the ON potential. However, in this case, 
since an error may occur due to the resistivity of the soil itself, 
an OFF potential is measured together with the ON potential to 
eliminate this error. 

FIG. 3 illustrates a block diagram of a pipeline examination 
apparatus for DCVG and CIPS methods according to an embodiment of 
the present invention. Referring to FIG. 3, an examination 
apparatus 1 includes a signal detection unit 10, and a measurement 
unit 20 cotrprised of a control unit 201, a measurement method 
selection unit 202 , an input unit 203 , a storage unit 204 , an 
analysis unit 205 and a display unit 206. Further, the signal 
detection unit 10 and the measurement unit 20 communicate with each 
other through a serial or parallel interface. 

The signal detection unit 10 detects an electrode signal, 
including a DCVG electrode signal and a CIPS electrode signal, 
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using a probe. Each of the electrode signals is input to the 
control unit 201 through an amplif ication and Analog/Digital (A/D) 
conversion process. FIG. 4 illustrates a detailed block diagram of 
the signal detection unit. Ref earring to FIG. 4, the signal 
detection unit 10 includes a measured value input unit 101, a CIPS 
input amplifier 102, a DCVG input amplifier 103, and an A/D 
converter 104. 

The measured value input unit 101 is connected to both a 
CIPS electrode 40a and a DCVG electrode 40b, and outputs a CIPS 
electrode signal, a DCVG electrode signal, and a CIPS-DCVG 
electrode signal to the input attplifiers 102 and 103 according to 
the state of switches SW1 and SW2. For example, if the switches 
SW1 and SW2 are ON and OFF, respectively, the measured value input 
unit 101 outputs only a CIPS electrode signal to the CIPS input 
attplifier 102. If they are OFF and ON, respectively, the measured 
value input unit 101 outputs only a DCVG electrode signal to the 
DCVG input amplifier 103. Further, if they are ON and ON, 
respectively, the measured value input unit 101 simultaneously 
outputs the CIPS electrode signal and the DCVG electrode signal to 
the CIPS input amplifier 102 and DCVG input anplifier 103, 
respectively . 

In the meantime, the CIPS electrode signal is input to first 
and second ' terminals of the measured value input unit 101, and the 
DCVG electrode signal is input to the third and fourth terminals of 
the measured value input unit 101. 

The input anplifiers 102 and 103 are devices for amplifying 
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the input values of the CIPS and DCVG electrode signals , and 
preferably employ different artplif ication schemes to prevent 
interference from occurring between .the CIPS and DCVG electrode 
signals. For exairple, preferably, the CIPS input amplifier 102 
enploys an emitter follower amplifier, and the DCVG input anplifier 
103 employs a differential input amplifier. 

The A/D converter 104 is a device that converts analog 
amplified signals received from the input amplifiers 102 and 103 
into digital signals. A 22-bit A/D converter ADS1213 of Burr Brown 
Corporation is used as the A/D converter 104. Further, the A/D 
converter 104 outputs the digital signals to the control unit 201. 

The control unit 201 receives electrode signals from the 
signal detection unit 10. The measurement method selection unit 
202 selects whether electrode signals to be detected by the signal 
detection unit 10 are any or both of a DCVG electrode signal and a 
CIPS electrode signal. Therefore, the measurement method 

selection unit 202 selects a measurement method by controlling the 
states of the switches SW1 and SW2 . In the meantime, each of the 
electrode signals must be input to the measurement unit 20 in 
synchronization with the ON/OFF period of the anticorrosive current 
applied to the buried pipeline. The measurement method selection 
unit 202 selects a pulse period to allow the pulse period of the 
electrode signals received by the control unit 201 to be 
synchronized with the ON/ OFF period of the anticorrosive current. 

The storage unit 204 sequentially stores the electrode 
signals received by the control unit 201 over time. The analysis 
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unit 205 analyzes the electrode signals stored in the storage unit 
204- For example, the analysis unit 205 performs the analysis by 
extracting the magnitudes of the sequentially stored electrode 
signals from the storage unit 204 over time. The display unit 206 
displays the electrode signals received by the control unit 201, 
displays the electrode signals analyzed by the analysis unit 205, 
and, in detail, sequentially displays the magnitudes of the 
electrode signals. The control unit 201 controls various 
operations, such as the storage, analysis and display of the 
electrode signals input to the control unit, as well as the 
selective detection of the electrode signals performed through the 
signal detection unit, depending on the input signals applied to 
the input unit 203 . 

Further, the analysis results obtained from the measurement 
unit 20 may be transmitted to an output unit (not shown) and output 
thereby. At this time, a typical small-sized printer may be used 
as the output unit whereby there is an advantage in that a measurer 
can immediately output the results measured in a field using the 
printer, and then ascertain the measurement results. 

FIG. 5 illustrates an exairple of the screen of the 
measurement unit 20. A touch- screen input type Personal Digital 
Assistant (PDA) may be used as the measurement unit 20. Region A 
on the screen is used to display measurement results, in which a 
result value is displayed after a measurement has been completed 
once. By pressing the region A, a single measurement point can be 
stored in the storage unit 204. If region B is pressed, a 
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measurement screen and a trend screen (screen to sequentially view 
stored data over time) are switched over. Region C is used to 
display the period of a current pulse, a measurement -related 
message, etc., and region D is used to display a measurement graph 
and the measurement starts when the region D is pressed. Region E 
is used to select a menu item related to parameter setting. 

In detail, *ON=0.0000' in the region A indicates an ON 
potential value obtained while an anticorrosive current flows 
through a pipeline, *OF=0.0000' indicates an OFF potential value 
obtained while the anticorrosive current doesn't flow through the 
pipeline, and 'DF=0.0000' indicates a difference between ON and OFF 
potentials . 

An item *DCVG Measure' in the region B indicates that a 
pulse currently being measured is displayed in a region D when the 
measurement is performed using the DCVG method, and an item *DCVG 
Trend' indicates that measurement data, stored prior to the 
completion of the current measurement, are displayed in the region 
D. Items 'CIPS Measure' and *CIPS Trend' are similar to the X DCVG 
Measure' and *DCVG Trend' , respectively, and indicate that the 
results measured using the CIPS method are displayed in the region 
D. FIG. 6 illustrates an exanple of the screen in the 'DCVG 
Measure' state, and FIG. 7 illustrates an exanple of the screen in 
the X DCVG Trend' state. 

An item 'Pulse =0.4&0.2' in the region C indicates a pulse 
period synchronized with the period for switching on and off the 
anticorrosive current to the pipeline, in which the former 0.4 
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indicates an ON period and the latter 0.2 indicates an OFF period. 
Moreover 0.4&0.2, there are several types of usable pulse periods, 
such as 1.0&0.5, 2.0&1.0, 3.0&1.5, and 4.0&2.0. In the meantime, 
the ON and OFF operations of the anticorrosive current are 
performed using equipment called a "rectif ier interrupter" . 
'Pulse' is synchronized on the basis of the ON/OFF period set by 
the rectifier interrupter. An item 'Ready../ indicates that a 
measurement is ready to start. If the region D is pressed to 
start the measurement, a message 'Wait../ is briefly displayed, and 
then a message 'Processing../ is displayed. At this time, the 
pipeline examination apparatus 1 reads data. 

An item X DCVG[X] ' on another region indicates that a 
measurement is performed in the direction of extension of the 
pipeline when the measurement is performed using the DCVG method. 
When a potential reverse position is detected during the 
measurement, an item 'X~Y' is pressed on menu items, so that a 
measurement direction is changed from an X axis to a Y axis 
(vertical direction to the pipeline) and then the measurement is 
performed. Further, an item 'Saved [0000] ' indicates the number of 
pieces of data stored, and an item 'Parallel with Pipe [X axis] ' 
indicates that the measurement is performed in the direction of 
extension of the pipeline when the measurement is performed using 
the DCVG method. The message 'Parallel with Pipe [X axis] ' is 
changed to a message 'Across Pipe' when the measurement direction 
is changed to the vertical direction to the pipeline. 

Hereinafter, the operation of performing measurement and 
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analysis using the pipeline examination apparatus 1 according to an 
embodiment of the present invention is described. First, 
regardless of the DCVG or CIPS method, an anticorrosive current 
should be allowed to flow through a buried pipeline before a 
measurement is taken. At this time, if the anticorrosive current 
is supplied from a rectifier to the buried pipeline and then 
corrosion protection is performed on the buried pipeline, a wire 
connected from the rectifier to the pipeline is disconnected, and 
then connected to a rectifier interrupter, and' the ON/OFF times of 
the anticorrosive current are set by the rectifier interrupter. 

In the meantime, in the case where a measurement is required 
to be performed during an interval when a sacrificial anode method 
is used, negative electricity should be supplied to the pipeline 
using an external power supply and interrupter combination and 
switched on or off at regular intervals. At this time, a temporary 
anode should be buried. For the tettporary anode, a copper rod 
included in the pipeline examination apparatus is generally used, 
otherwise the railway of a train or other steel -frame structures 
may be used by suitably utilizing a surrounding geographical 
structure. In this case, as a distance between the temporary anode 
and the pipeline becomes longer, a range in which the measurement 
can be performed becomes wide. Therefore, the distance between the 
pipeline and the temporary anode is preferably at least 50m, and 
most preferably 100m or longer. In this case, the ON and OFF times 
of the anticorrosive current are set by the external power supply 
and interrupter combination. 
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Next, the measurer activates a dialog screen as shown in 
FIG. 8 by pressing an "Option' menu item in the region E of FIG. 5, 
synchronizes * PULSE ' with the ON/OFF times of the anticorrosive 
current, and then sets 'Measure Mode' . When the DCVG electrode 
signal is selected, 'DCVG' mode is selected, while when the CIPS 
electrode signal is selected, 'DCVG and CIPS' mode is selected. 

When the pipeline examination apparatus 1 simultaneously 
receives the DCVG and CIPS electrode signals from the signal 
detection unit 10, the measurer can display four modes in the 
1 region D by pressing the region B of FIG. 7. The measurer presses 
the region D of FIG. 7 to start the measurement, and presses the 
region A of FIG. 7 to store measurement results when the 
measurement has been completed. 

Industrial Applicability 

According to the present invention, there are advantages in 
that a DCVG electrode signal and a CIPS electrode signal of a 
buried pipeline are detected, and the detected electrode signals 
are displayed, or the detected electrode signals are stored and the 
magnitudes thereof are sequentially displayed over time, so that 
measurement results can be obviously ascertained . 

Further, the present invention is advantageous in that it 
can provide a portable examination apparatus using a Personal 
Digital Assistant (PDA) , thus displaying or analyzing measurement 
results in a field, and immediately ascertaining the measurement 
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results through print . 
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